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AFFIDAVIT OF ARTHUR M. FRBEDL ANDER 


L I, Arthur M Friedlander, an inventor of the above-referenced application and resident of 
Gaithersburg, MD, declare the following: 

2. My curriculum vitae is attached. 

3. David G. Heath, George W. Anderson, Jr., Susan L. Welkos and I are joint inventors of the 
subject matter disclosed in the above-referenced application. 

4. From 1992 to 1998, 1 was in charge of the development of a plague vaccine. 

5. Sometime during the second or third week of [redacted date which is before 1 3 March 1 996], 
but before [redacted date which is before 13 March 1996], during an Army Plague Vaccine 
Group weekly meeting, I decided that we should make a fusion protein comprising the Fl 
and V antigens (Fl-V fusion) of Yersinia pestis for use as a new plague vaccine. I asked for 
a volunteer and David G. Heath volunteered. This is evidenced by Heath's laboratory 
notebook page dated [redacted date which is before 13 March 1996], page 44 of notebook 
#3487 which shows the primers and PCR plan to create the fusion protein. See Exhibit AF1. 

6. From [redacted date which is before 13 March 1996] to the time of filing the above-referenced 
application with the U.S. Patent & Trademark Office, we conducted research and 
development of a plague vaccine comprising an Fl-V fusion protein. 

7. Since about the beginning of [redacted date which is before 1 3 March 1 996] to about the filing 
date of the above-referenced application, members of the Army Plague Vaccine Group of the 
U.S. Army Medical Research and Materiel Command (USAMRMC) have been collaborating 
with the inventors of the Titball Patent (US 5,985,285) on a variety of plague vaccines. This 
is evidenced by Welkos' Army Plague Meeting Notes dated [redacted date which is before 13 
March 1996]. See Exhibit AF2 (SW3). This is also evidenced by an excerpt of a letter from 
CBDE which was faxed to me on [redacted date which is before 13 March 1996] and 
catalogued in Anderson's notebook #3598. See Exhibit AF3. 

8. Prior to 21 May 1995, the Army Plague Vaccine Group developed and purified a fusion 
protein containing all of the Fl antigen fused to part of the V antigen (Fl-V partial) and a 
fusion protein containing all of the Fl antigen fused to all of the V antigen (Fl-V whole). 
Since we observed that Fl-V partial confers protection against wild-type Yersinia pestis, but 
does not provide protection against Fl" mutant Yersinia pestis, we then decided to determine 
whether Fl-V whole confers protection against Fl" mutant Yersinia pestis. This is evidenced 
by Welkos' Army Plague Vaccine Group meeting notes dated [redacted date which is before 
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13 March 1996]. See Exhibit AF4 (SW4). 

9. On about 21-25 May 1995, 1 attended the American Society of Microbiology Meeting in 
Washington, DC, where I met with Richard Titball of CBDE. When I met with Richard 
Titball, I told him in confidence that the Army Plague Vaccine Group had constructed and 
purified the Fl-V whole and believe that it will confer protection against FT mutant Yersinia 
pestis. I noted this discussion in the Invention Disclosure I prepared and submitted on 16 
April 1996 to the Office of Research and Technology Applications (ORTA) of USAMRMC. 
See Exhibit AF5. 

10. Some time before 16 April 1996, 1 compiled the research and data of the Army Plague 
Vaccine Group relating to Fl-V fusion proteins and prepared and submitted an Invention 
Disclosure. See Exhibit AF5. 

1 1 . Shortly after the Invention Disclosure was forwarded from ORTA to the outside contract 
attorney, Sana Pratt, I began working with Sana Pratt to prepare the application which was 
filed on 27 August 1996. 

12. From just prior to 13 March 1996 to 27 August 1996, David G. Heath, George W. Anderson, 
Jr., Susan L. Welkos and I did not abandon, suppress or conceal the invention as disclosed 
and claimed in the above-referenced application. 

13.1 have reviewed and analyzed the Titball patent and the three priority documents, UK 
9505059, UK 9518946, and UK 9524825, and PCT/GB96/00571. 

14. It is my opinion that prior to 13 March 1996, the filing date of PCT/GB96/00571, the 

inventors of the Titball patent had not conceived and/or reduced to practice a plague vaccine 
comprising purified Fl antigen fused to all or part of V antigen as nowhere do UK 9505059, 
UK 9518946, and UK 9524825 disclose isolating or purifying a protein comprising Fl 
antigen fused to all or part of V antigen from the host cell and other cellular components 
and/or administering a purified protein comprising Fl antigen fused to all or part of V 
antigen to a subject. 

a. In fact, UK 9518946 is the first disclosure indicating a genetic vaccine or how a 
host organism may be transfected with DNA for Fl antigen and V antigen to 
result in a live vaccine, i.e. an attenuated host organism (such as Salmonella) 
which produces the antigen when administered to a subject. 

b. As described in UK 95 1 8946, the genetic vaccine or the live vaccine is 
administered to a subject such that the protein/antigen of interest is then produced 
in the subject. 

c. UK 95 1 8946 does not describe isolating the protein/antigen of interest from the 
host organism and purifying the protein/antigen of interest from other cellular 
components prior to administration to a subject. 

d. The genetic vaccine or live vaccine described in UK 95 1 8946 is not a purified 
protein comprising Fl antigen fused to all or part of V antigen which is isolated 
and purified from cells and other cellular components as claimed in the above- 
referenced application. 

15. 1 have reviewed and analyzed the experiments and data of the Army Plague Vaccine Group 
and it is my opinion that the Army Plague Vaccine Group: 
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a. Conceived of a fusion protein comprising Fl antigen fused to part of V by at least 
[redacted date which is before 13 March 1996]. 

b. Conceived of a fusion protein comprising Fl antigen fused to all of V by at least 
[redacted date which is before 13 March 1996]. 

c. Conceived of and reduced to practice a purified fusion protein comprising Fl 
antigen fused to part of V by at least [redacted date which is before 13 March 1996]. 

d. Conceived of and reduced to practice a purified fusion protein comprising Fl 
antigen fused to all of V by at least [redacted date which is before 13 March 1996]. 

e. Conceived of and reduced to practice a vaccine against plague comprising a 
purified fusion protein comprising Fl antigen fused to part of V by at least 
[redacted date which is before 13 March 1996]. 

f. Conceived of and reduced to practice a vaccine against plague comprising a 
purified fusion protein comprising Fl antigen fused to all of V by at least 
[redacted date which is before 13 March 1996]. 

16. 1 declare that all statements made herein of my own knowledge are believed to be true, and 
further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under §1001 of Title 18 of 
the United States Code, and that such willful false statements may jeopardize the validity of 
the application, any patent issuing thereon, or any patent to which this verified statement is 
directed. 

Arthur M. Friedlander 
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Exhibit AiF3 


Dear Dr Friedlander 

CBDE/USAMRIID COLLABORATIVE RESEARCH INTO PROTECTIVE EF FICAC Y OF 
RECOMBINANT V.ANTIOEN AGAINST PAttKN TEKAL AND AEROSOL CH ALLEN fj iE 
WITH YERSINIA PESTiS 

As you arc awarcj CBDE boo data to suggest that the V-antigen of the plague causing 
organism Yersinia pestis. when used as an umrrimogen, i<? highly protective against plague. 
The V-anttgen could therefore be a m^jor component of an improved plague vaccine to he 
developed in the fttture by CBDE. 

You recently indicated to ue that USAMRITD wished to collaborate in testing the protective 
capacity of the V-antigcn against parenteral and aerosol challenge with virulent plague. We 
agreed that such a collaboration would be desirable because it could generate valuable data 
wliiuh wwuld be of benefit to both CBDE and USAMRUD, Wc therefore decided that the 
collaboration should, in the future, be the eubject of a Project Arrangement under the 
Memorandum of Understanding between the Secretary of Defense (US) and the Secretary of 
State tor Delcncc (UK) concerning Technology Research and Development Projects (which 
is currently still under negotiation). 

However, wc also agreed that any delay in the collaboration would reduce the benefit of the 
resulting data, and therefore it would be desirable to commence work in advance of a more 
formal Project Arrangement. 

Accordingly, this letter cct3 out below the respective duties, rights and responsibilities of each 
of us under the collaboration, pro tern, pending the negotiation of a more comprehensivB 
arrangement: 

1. SCOPE OF WORK 

a. CBDE will supply to USAKfRTTD, for the purposes described in (b), the 
following: 

i. 30 mg of recombinant Yersinia pestis V-antigcn. 

n. Protocols detailing the immunisation route, doses and schedules used at 
CBDE. 

iii, Polyclonal antisera raised against the V antigen of Yersinia pest is, 

IV. Details of the CBDE challenge route, challenge strain and protection data 
afforded by (he V-antigen valine against yaienieial chalteijtge widi Yersinia 

h. USAMRIID will: 

i. Immunise groups of animals porenterally with the following: 
V-antigen in combination with Alhydrogel. 
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SHORT TITLE OF INVENTION " "* 

Recombinant Fl-V Plaque Vaccine 

FULL NAWEtS) OF INVENTOR (S) home ,„»„,m ~. ^ 

(FIRST) (MIDDLE INITIAL) (LAST! ADDRESS(ES) lOUTT) TEL. NO. AREA COOE 

,, r David G. Heath Bacteriology Division (301) 619-7341 

1M Arthur M. Friedlander USAMRIID, Blda. 1425 7 '^^7 

1ff Georae W. Anderson Port Detrick US/? ? 

Susan L. Welkos Frederick, MD 21702-5011 ' ''""M**/! 

INFORMATION 
AND DATES 
CONCERNING 
THIS INVENTION 

NEEDED IN THE EVENT OF A CON* 

test or priority Of invention 
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PUBLICATION 
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PATENT APPLICATION MAY RE 
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w Not sold or used for profit 

HAS A DESCRIPTION OF THIS INVENTION SEEN MADE AVAILABLE TO PERSONS OUTSIDE THE ARMY Y (WRITTEN OR 
KMAU IF SO, HOW AND WHEN AND WAS USE RESTRICTED ? 
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POTENTIAL MARKET 
INFORMATION 

NEEOEOFOR POSSIBLE MARKET- 
INR mvESTISATlORI ANO AS AN 
AtO TO POTENTIAL UCENSRt 
TO OTHERS* 

DCSCRISE ANT POTENTIAL OR EKISTINS MARKET FOR SALE OR LICENSE OF THIS INVENTION 

a. sovernment: Vaccine against plague 
s. commercial. Vaccine against plague 

C. IDENTIFY ANY KNOWN FlftMS OR VENDORS WHO MAY RE INTERESTED IN THE INVENTION 

Greer Laboratories, Lenoir, NC 

CONTRACT 
INFORMATION 

A DETER Ml RATION Of K18MTS 01 
THIS INVENTION WILL SE NECES- 
SARY. (SEE AS 17-10) 
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1 (a) MY DUTIES as a sovernment employee 
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FOREIGN FILING 
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DEPARTMENT OF THE ARMY 
UNITED STATES OF AMERICA 

INVENTION DISCLOSURE 

(DRAWING AND DESCRIPTION SHEET) 

(14) PROVIDE THE FOLLOVINB INFORMATION CONCERNING THC OiSCLOSED INVENTION ANO IN THE INDICATED SEQUENCE: 

A. SPECIPICALLT DESCRIBE THE INVENTION AND ITS OPERATION. YOU MAY USE ANO ATTACH COPIES OF SKETCHES. PRINTS, PMQTGRAPHB, PAPERS 
ANO ILLUSTRATIONS, WHICH SHOULD 8E SIONED. WITNESSED ANO OATEO. USE NUMBERS ANO 0 E SCRIPT! VE NAMES IN DESCRIPTIONS AND DRAWINGS. 

B. STATE THE AOVANTACCf OF THE INVENTION OVER PRESENTLY KNOWN DEVICES, SYSTEMS OR PROCESSES. 

C. DISCUSS THE PROBLEMS WHICH THE INVENTION IS DES1GNE0 TO SOLVE, REFERRING TO ANY PRIOR INVENTION OF A SIMILAR NATURE WITH WHICH 
YOU MAY BE FAMILIAR. 

0. LIST ALL KNOWN ANO OTHER POSSIBLE USES FOR THE INVENTION. 
E. LIST THE FEATURES OF THE INVENTION THAT ARE BEUEVEO TO BE NOVEL. 
USE AS MANY OF THESE SHEETS AS NECE5SARY AND ATTACH TO COMPLETED INVENTION DISCLOSURE 
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Invention Disclosure: Recombinant F1-V plague vaccine 

(6) First disclosure was in a conversation with Richard Titball, CBDE, 
Porton Down, England during the American Soc. of Microbiology Meeting 
sometime during 21-25 May, 1995 in Washington, DC 

(10) 

a. oral communication in confidence to Richard Titball, American 
Soc. of Microbiology Meeting sometime during 21-25 May, 1995 in 
Washington, DC 

b. approximately 1/15/96, written abstract sent to Tom Schwan, 
Rocky Mountain Labs, Hamilton, MT; Kathleen McDonough, David Axelrod 
Institute, Albany, NY; Dorothy Pierson, University of Colorado, Denver, CO 
in confidence for review of Army Plague Research program 

c. written communication 1/24/96 submitted to the journal Nature 

d. oral presentation on 2/15/96 at review of Army Plague Research 
program, Frederick, MD 

e. written communication 3/19/96 submitted to the journal Science 


(14) 

A recombinant Yersinia pesr/s-derived F1 capsule and V antigen fusion 
protein. 

A. The invention is a fusion protein made up of two proteins derived from 
Yersinia pestis: the F1 capsule antigen (F1) and the V antigen. The process 
of constructing the fusion protein required several intermediate steps. 
The first step called for creating a polymerase chain reaction (PCR) 
product consisting of part of the F1 operon and the F1 structural gene 
(caf1) open reading frame (ORF) from which the stop codon was removed 
(Figure 1A). The Bam HMEco Rl restricted, F1 -containing, PCR product 
was then ligated into the smaller isolated Eco R l/flam HI fragment of 
pYPRI to create pF1LZ (Figure 1B). Next, a small internal segment of the V 
antigen ORF (Figure 1C) was generated by PCR and ligated into the Eco Rl 
(partial digest) and Sal I digested pF1LZ to create pF1V3a (Figure ID). 
pF1V3a then served as the template DNA in a PCR reaction to create a PCR 
product containing the F1 structural gene ORF fused, in frame, with the 
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internal V segment. This PCR product was restricted with Nde I and Bam 
HI and ligated into pET19b (Novagen, Inc.) to create pFIVs (Figure 1E). 
The V segment and the small Bam HVPst I fragment from the original 
plasmid vector, pET19b were removed from pFIVs (Figure 2A) and 
replaced with the entire V antigen ORF (Figure 2 B) in a ligation reaction 
(Figure 2C) which also included the small Bam HVPst I fragment from 
pET19b to create pF1V (Figure 2D). pF1 V DNA was used to transform 
Escherichia coli strain BLR (Novagen) and expression of the fusion protein 
was then shown to occur upon induction with isopropylthio-p-galactoside 
(IPTG). Expression of a protein of the appropriate size for this fusion 
protein (58 kDa) was demonstrated by SDS-polyacrylamide gel 
electrophoresis (Figure 3A). The invention has been designated F1-V. 

1. To purify the F1-V fusion protein, E. coli strain BLR containing 
the plasmid pF1V was grown overnight in a small shaking flask using 5 ml 
of LB broth containing 100 u.g/ml of carbenicillin. The overnight culture 
was then centrifuged at 5000 x g to pellet the cells and resuspended in 
fresh LB/carbenicillin. One ml of the fresh suspension was used to 
inoculate 1 liter of LB/carbenicillin and the culture was rotated at 225 
rpm and allowed to grow at 37°C for 4 to 5 hr (ODeoo = 1)- The 
temperature was then lowered to 26°C and IPTG was added to 1 mM final 
concentration at which time the culture was allowed to rotate at 225 rpm 
for an additional 2 hr. The cell culture was then centrifuged and cell 
pellets were resuspended in 40 ml of 1 x Binding Buffer (Novagen, Inc.). 
The suspension was then subjected to sonication (six 30 sec bursts) and 
the cell debris was removed by high-speed centrifugation (39,000 x g) for 
20 minutes. The supernatant was removed and subjected to ultrafiltration 
(0.45n filter) after which it was divided into 10 ml aliquots for storage at 
- 70°C. The frozen supernatant was allowed to thaw on ice and subjected 
to fast protein liquid chromatography (FPLC) using a Ni 2+ chelation resin 
(Novagen, Inc.). The bound fusion protein was released from the resin 
after exposure to an imidazole gradient and fractions containing the 
fusion protein were pooled and buffer exchanged, by dialysis, into 20mM 
Tris, pH 7.6, 0.5 mM EDTA. The pooled protein was then subjected to a 
further round of FPLC (to remove endotoxin) using a Mono Q (Pharmacia) 
ion-exchange column. The purified fusion protein was then tested for 
endotoxin content using the Limulus amebocyte lysate assay (Sigma). The 
purified F1-V purified protein was subsequently shown to bind antibody 
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directed against either the F1 antigen or antibody directed against V 
antigen (Figure 3b, 3c). 

2. The value of the F1-V protein was demonstrated by its ability to 
protect experimental animals against infection with Yersinia pestis, the 
causative agent of plague. Most forms of naturally occurring plague are 
due to F1 capsule containing (F1+) strains of V. pestis. However, F1- or 
deficient plague strains have been isolated from natural sources and from 
a human case, and are virulent in experimental infections of mice and non- 
human primates. 

In two separate experiments (Table 1), mice immunized with 13.6 u.g 
of F1-V were protected (90-100% survival) against a subcutaneous 
challenge with a moderate (57 LD 50 ) or high (1.1 x 106 LD 50 ) dose of an F1- 
Y. pestis strain, C12, while all control animals died. Animals given 10 u.g 
of V (equivalent to the same amount of V as in 13.6 \ig of F1-V) were 
afforded the same degree of protection (90% survival) against the high- 
dose challenge. Another group of animals immunized with 27.2 u.g of F1-V 
completely (100%) survived the high-dose challenge. In a separate 
experiment (Table 3), animals given just one immunization of 60 u.g of 
F1-V were completely protected against subcutaneous challenge with a 
high dose of C12, while the licensed human vaccine gave no protection. 

We next determined the efficacy of F1-V against pneumonic plague 
induced by an aerosol" challenge (Table 2). Groups of mice immunized with 
13.6 or 27.2 ug of F1-V were completely protected (100% survival) 
against a moderate (91 LD 50 ) or high (545-636 LD S0 ) aerosol challenge 
dose of the F1- Y. pestis strain, C12. In marked contrast, the current 
human, whole-cell plague vaccine USP, failed to prevent fatal pneumonic 
plague; none of eight challenged animals survived. 

We next determined the efficacy of the F1-V protein in protecting 
mice against infection with plague strains containing the F1 capsule. 
Table 3 shows that a single dose of 60 ug of F1-V completely protected 
mice against a subcutaneous challenge with the F1 + C092 strain. In 
contrast the licensed human vaccine protected only 4 of 10 animals. 
Moreover, while previous data showed that 2 doses of the current human 
plague vaccine significantly protects mice against a subcutaneous 
challenge with C092, it does not protect animals after an aerosol 
challenge but just delays the time to death (Pitt et al. 1994 Annual 
Meeting, Amer. Soc. Micro. Abstract #E45, Las Vegas, NV). Furthermore, 
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the same study showed that the licensed vaccine did not even delay the 
time to death in non-human primates exposed by aerosol to C092. Table 2 
shows that immunization with 2 doses of F1-V completely protects 
animals against an aerosol challenge with an F1+ Y. pestis strain, C092, 
with 10 of 10 animals surviving. Thus the F1-V vaccine, in contrast to 
the current licensed vaccine, protects mice against pneumonic plague with 
both F1+ arid F1-V. pestis strains, a more difficult form of the disease to 
protect against. 

B. The invention was designed to be used in a vaccine affording protection 
against plague, due to exposure to the infectious agent Yersinia pestis. 
The advantages of using this fusion protein over the present whole cell 
vaccine are as follows: 

1. The current licensed vaccine does not protect mice against 
subcutaneous challenge with F1- strains of Y. pestis, which have been 
shown to cause fatal disease in both humans and experimental animals 
infected by a peripheral, non-respiratory route. The new F1-V vaccine 
does protect mice against bubonic plague caused by subcutaneous 
challenge with F1- organisms. 

2. The current licensed vaccine does not protect mice against 
pneumonic plague induced by aerosol challenge with Ft- strains of Y. 
pestis. The new F1-V vaccine does protect mice against pneumonic plague 
caused by aerosol challenge with F1- strains. 

3. The current licensed vaccine does not protect mice against 
pneumonic plague when challenged by the respiratory route with F1 + 
strains of Y. pestis. The new F1-V vaccine does protect mice against 
pneumonic plague caused by aerosol challenge with F1+ strains. 

4. The new F1-V vaccine is expected to protect humans against 
pneumonic plague produced by strains of Y. pestis, either naturally 
occurring or genetically engineered, which may be altered in their content 
or composition of V antigen, but which still contain F1. This is because 
the F1-V vaccine also contains F1. The current licensed vaccine does not 
protect against pneumonic plague induced by either F1- or F1+ organisms 
when given by the aerosol route. 

5. The new F1-V vaccine is composed of two antigens, both of which 
have been shown to be protective. It is anticipated that the combination 
of both antigens may provide better protection against F1+ strains than 
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either F1 or V when used alone as vaccines. This is possible because the 
immunity induced by F1 and by V occur by different mechanisms which 
may be additive or synergistic. 

6. Approximately 8% of humans immunized with the current licensed 
human plague vaccine fail to develop an immune response to F1 (Marshall 
et al. J. Inf. Dis. 129:S26-S29, 1974). These non-responders may well be 
at risk for development of plague. The inclusion of two different 
protective antigens in the same vaccine will help to eliminate the problem 
of non-responders and so increase the overall efficacy of vaccination in a 
human population. 

7. The new F1-V vaccine is composed of highly purified recombinant 
proteins which are very well defined. This contrasts with the present 
human licensed vaccine composed of whole bacteria. The nature of the 
protective immunogen(s) in the present vaccine is completely unknown. 
The present vaccine in known to contain and induce antibodies to F1 but it 
does not induce antibodies to V antigen in mice, suggesting that V antigen 
is absent. Furthermore, it is anticipated that the highly purified new F1- 
V vaccine will be significantly less reactogenic in humans than the 
present human licensed vaccine, which may contain unnecessary bacterial 
components responsible for its untoward side effects. 

8. The F1-V protein was constructed so that a single protein could 
be purified as a vaccine component rather than having to purify F1 and V 
antigen separately. The purification of a single protein as opposed to two 
separate proteins could result in considerable savings when 
manufacturing a vaccine. 

C. This invention is designed to solve the problem of protecting humans 
against both bubonic and pneumonic forms of plague caused by infection by 
the subcutaneous and aerosol routes, respectively, with either F1+ or F1- 
plague organisms, or with strains which may vary in their V antigen. 

The current licensed human vaccine protects mice against 
subcutaneous challenge with F1 + strains, but only delays the time to death 
of mice challenged by the aerosol route. The vaccine has no protective 
effect and does not delay the time, to death in the non-human primate 
exposed to F1+ organisms. 

The current licensed human vaccine has no significant effect on 
survival of mice challenged with the F1- C12 strain by either the 
subcutaneous or the aerosol route. 
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Thus the current licensed human vaccine would be expected to be 
ineffective against pneumonic plague caused by either F1+ or F1- strains, 
or bubonic plague produced by F1- strains of Y. pestis. 

D. Known or possible uses of this invention include the following: 1) The 
fusion protein could be used as a vaccine to protect against bubonic or 
pneumonic plague due to both F1+ and F1- strains of Y. pestis or strains 
which may vary in their V antigen content. 

E. This invention is novel because it is a single constructed protein 
composed of two unique proteins, the entire F1 capsule antigen and V 
antigen. It induces an immunological response against both the F1 protein 
and V antigen. It is also novel because it includes 2 protective 
immunogens in the same vaccine. 


6 


TABLE 1 Efficacy of F1-V vaccination against a lethal subcutaneous Y. 
pestis infection of mice 


Treatment Groups 

Strain 


Survivftr^/Total 

Alhydrogel alone 

C12 

57 

0/10 

13.6 ng F1-V 

ii 

il 

10/10 

Alhydrogel alone 

ii 

1.1X106 

0/10 

10 \ig V 

ii 

II 

9/10 

13.6 hq F1-V 

ii 

II 

9/10 

27.2 \iQ F1-V 

il 

II 

10/10 


a For all groups, 8-10 week old female Swiss Webster (Hsd:ND4) mice 
(Harlan Sprague Dawley) were immunized subcutaheously on day 0 and day 
28 with 0.2 ml of the indicated vaccine preparation. The F1-V and V 
proteins were each separately adsorbed to Alhydrogel, 1.3% (aluminum 
hydroxide gel adjuvant, Superfos Biosector). 

b Mice were challenged with the F1*, C12 strain, prepared as previously 
described (Welkos et al. Contrib. Microbiol. Immunol. 13:298-305, 1995), 
at day 78 after the initial antigen administration. 
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TABLE 2. Efficacy of F1-V vaccination against a lethal aerosol Y. pestis 
infection of mice 


Geometric mean 
antibody titer 0 


Treatment Group 8 

Strain 

LD 50 b 

Survivors/Total 

F1 

V 

Alhydrogel alone 

C12 

91 

0/9 

NT d 

NT 

13.6 ng F1-V 

ll 

ll 

10/10 

NT 

NT 

Alhydrogel alone 

» 

545-636 

0/14 

<640 

<640 

10ugV e 

u 

545-636 

8/10 

NT 

655,360 

13.6 u.g F1-V 

ii 

545-636 

10/10 

66,540 

432,376 

27.2 jig F1-V 

ii 

545-636 

10/10 

108,094 

432,376 

Plague USP f 

ii 

545-636 

0/8 

55,738 

<640 

Alhydrogel alone 

C092 

761 

1/10 

NT 

NT 

13.6 u.g F1-V 

C092 

761 

10/10 

NT 

NT 


a For all groups, 8-10 week old female Swiss Webster (Hsd:ND4) mice were 
immunized subcutaneously on day 0 and day 28 with 0.2 ml of the indicated 
vaccine preparation. 

b Mice were challenged with inocula prepared as described in Table 1 at day 78 
after the initial antigen administration. Aerosol exposures were performed in a 
nose-only exposure chamber with a dynamic small-particle aerosol as 
previously described (Welkos et al. Contrib. Microbiol. Immunol. 13:298-305, 
1995). The apparatus was configured to challenge a maximum of 27 mice per 
exposure. Mice from several groups were divided between exposure runs to 
minimize differences among the treatment groups resulting in a dose challenge 
range. • 

c Serum obtained on day 58 after the initial immunization was assayed for anti- 
F1 and anti-V IgG antibody by ELISA on individual animals and group geometric 
mean titers determined. Titers were determined as the reciprocal of the 
maximum dilution giving an absorbance greater than 0.1 units after subtraction 
of nonspecific binding in normal serum. 
d Not tested. 

e Because F1-V was exposed to urea during purification, we also exposed this 
preparation of V to urea. V in PBS was buffer exchanged into 1x Binding Buffer 
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(Novagen) containing 6 M urea and placed at 4°C for 4 h after which urea was 
removed by dialysis as indicated for F1-V. V concentration was then 
determined and V was adsorbed to Alhydrogel. 

f The licensed, human, whole-cell plague vaccine United States Pharmacopeia 
(USP) was obtained from Greer Laboratories (Lenoir, NC). 
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TABLE 3. Survival of outbred mice after a single subcutaneous immunization 
followed by subcutaneous challenge. 


Treatment Grntin a 

Strain 

wU d ill 

LD 50 b Survivors/Total 

Alhydrogel alone 

C092 

5,750 

0/10 

Plague USP (Greer) 

(i 

a 

4/10 

60.0 »g F1-V 

ct 

a 

10/10 

Alhydrogel alone 

C12 

16,300 

0/10 

Plague USP (Greer) 

u 

« 

0/10 

60.0 u.g F1-V 

u 

u 

10/10 


aFor all groups, Hsd:ND4 Swiss Webster female 8-9 week old mice were 
immunized subcutaneously on day 0 with 0.2 ml of the vaccine preparation. 
Challenge was at day 44 postimmunization. 
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